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The title compound, (C 16 H 36 N) 3 [Th(NCS)4(N0 3 )3], was 
obtained from the reaction of Th(N0 3 )4-5H 2 0 with 
(Bu 4 N)(NCS). The Th IV atom is in a ten-coordinate environ- 
ment of irregular geometry, being bound to the N atoms of the 
four thiocyanate ions and to three bidentate nitrate ions. The 
average Th— N and Th— O bond lengths are 2.481 (10) and 
2.57 (3) A, respectively. 

Related literature 

For the structures of the parent lanthanide complexes, see: 
Mullica et al. (1997, 1998); Farmer et al. (2000). For the 
structures of related actinide thiocyanate complexes, see: 
Countryman & McDonald (1971); Al-Kazzaz et al. (1972); 
Charpin et al. (1983); Budantseva et al. (2003). For a descrip- 
tion of the Cambridge Structural Database, see: Allen (2002). 
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Experimental 

Crystal data 

(Ci 6 H 36 N) 3 [Th(NCS) 4 (N0 3 ) 3 
M r = 1377.76 
Monoclinic, P2, 
a = 12.1057 (7) A 
b = 17.5943 (8) A 



c = 16.7084 (8) A 
P = 95.946 (3)° 
V = 3539.6 (3) A 3 
Z = 2 

Mo Ka radiation 



fi = 2.28 mm 
T = 150 K 

Data collection 

Nonius KappaCCD area-detector 

diffractometer 
Absorption correction: multi-scan 

(SCALEPACK; Otwinowski & 

Minor, 1997) 

= 0.703, r max = 0.853 

Refinement 

R[F 2 > 2a(F 2 )] = 0.037 
wR(F 2 ) = 0.089 

5 = 1.04 

13392 reflections 
698 parameters 

6 restraints 

Table 1 

Selected geometric parameters (A, °). 



0.12 x 0.12 x 0.07 mm 



170199 measured reflections 
13392 independent reflections 
11074 reflections with / > 2a(I) 
R m , = 0.046 



H-atom parameters constrained 
A/w = 0.98 e A~ 3 
A/3 mi „ = -0.76 e A~ 3 
Absolute structure: Flack (1983), 

6435 Friedel pairs 
Flack parameter: -0.008 (5) 



Th-Nl 


2.480 (5) 


Th-02 


2.563 (4) 


Th — N2 


2.465 (7) 


Th-04 


2.557 (4) 


Th — N3 


2.488 (5) 


Th-05 


2.570 (4) 


Th — N4 


2.490 (7) 


Th-07 


2.615 (6) 


Th-Ol 


2.618 (5) 


Th-08 


2.524 (5) 


Ol-Th-02 


49.51 (14) 


07-Th-08 


49.44 (15) 


04-Th-05 


49.30 (13) 







Data collection: COLLECT (Nonius, 1998); cell refinement: HKL- 
2000 (Otwinowski & Minor, 1997); data reduction: HKL-2000; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); 
molecular graphics: SHELXTL (Sheldrick, 2008); software used to 
prepare material for publication: SHELXTL. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: TK2728). 
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Acta Cryst. (2011). E67, m487 [ doi:10.1107/S1600536811009792 ] 

Tris(tetrabutylammonium) tris(nitrato- ,0')tetraWs(thiocyanato-/dV)thorium(TV) 

M. J. Lozano-Rodriguez, P. Thuery, S. Petit, R. Copping, J. Mustre de Leon and C. Den Auwer 

Comment 

The structures of the parent lanthanide complexes [NBu4]3[Ce ln (NCS)2(N03)4] (Mullica et al., 1998) and 

[NBu4]3[Nd III (NCS)2(N03)4] (Farmer et ah, 2000) have been determined. In these complexes, the lanthanide cation is 
ten-coordinated, with two N atoms from the thiocyanate groups and eight O atoms from the bidentate nitrate groups being 
coordinated. In the case of [NBu4]3[Yb m (NCS)4(N0 3 )2], the metal is eight-coordinated in agreement with the steric con- 
straints due to lanthanidic contraction. Finally, [N(nC4H9)4]3[Lu ln (NCS)6] exhibits an unusual octahedral coordination with 
6 thiocyanates around the Lu cation (Mullica et ah, 1997). In the mid-1960's, interest in the crystallochemistry of actinide 
thiocyanate complexes arose. At the beginning of the 1970's, the crystal structure of tetraethyl-ammonium-octathiocyanato- 

N-uranate(IV) [N(C 2 H 5 ) 4 ]4[U IV (NCS)8] was determined, and it exhibits eight thiocyanate ligands that are coordinated via 
the nitrogen atom and arranged in the vertices of a cube (Countryman & McDonald, 1971). The corresponding complexes of 
Th, Pa, Np and Pu were reported to be isostructural but no single-crystal data were determined (Al-Kazzaz et ah, 1972). In 

1983, the [N(C 2 H 5 )4]4[Th IV (NCS) 8 ] complex was reported to display the same cubic coordination than the uranate complex 

(Charpin et al, 1983). Finally, in 1983, the neptunium adduct [N(CH 3 )4] 4 [Np IV (NCS) 8 ] was reported to be similar to the 
previously described [N(C2H5)4]4[U(NCS)s] complex, although the coordination polyhedra are significantly different: in 
the uranium compound the 8 thiocyanate ligands form a distorted cube (U-N = 2.38 A) whereas in the neptunium compound 
they form a distorted tetragonal antiprism (Np-N = 2.39-2.42 A) (Budantseva et ah, 2003). 

The family of actinide thiocyanate derivatives is of potential interest for the comprehensive coordination chemistry of 
f-block elements with applications in selective reactivity. In comparison with parent lanthanide elements, actinide thiocy- 
anate derivatives have been poorly studied in the past. In the title complex [NBu4]3[Th(NCS)4(N03)3], (I), the metal cation 
is 10-coordinated with three bidentate nitrate ions and four N-bonded thiocyanates. The coordination polyhedron is quite 
irregular, but, if the three nitrate ions are considered as single donors, it may be noted that the four N atoms of the thiocyanate 
ions and the atom N5 of the nitrate ion bound through Ol and 02 define a mean plane with an r.m.s. deviation of 0.3 18 A, 
which contains the Th atom, displaced by 0.003 (3) A from it. The other two nitrate ions are on either side of the plane, with 
a N6-Th-N7 angle of 165.34 (16) °. The average Th-N and Th-0 bond lengths of 2.481 (10) and 2.57 (3) A, respectively, 
are in agreement with the average values from analogous structures in the Cambridge Structural Database (Version 5.32; 
Allen, 2002), i.e. 2.48 (3) and 2.58 (5) A, for 5 and 27 hits, respectively. 

Experimental 

Caution! With thorium being a radioactive and chemically toxic element, thorium-containing samples must be handled with 
suitable care and protection. All starting materials used in these synthetic reactions are available commercially and were used 
as obtained from the supplier. Th(N03)4.5H20 (0.474 mmol, 0.27 g) was dissolved in hot ethanol (25 ml). After complete 
dissolution, tetrabutylammonium thiocyanate, C17H36N2S, (5 mmol, 1.5 g) was added directly to the solution in a ratio 
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Th(IV):SCN" 1 : 10. The colourless solution was refluxed with stirring for 8 h. The resulting solution was left undisturbed at 
room temperature and colourless crystals were obtained within three days. The crystals were isolated and washed with cold 

ethanol. IR results (cm" 1 ): v(CH) 2962.16, 2874.55; v(CN from SCN) 2040.99; v(NO) 1278.73, 883.20; v(CS) 744.29. 
Refinement 

Restraints were applied for five bond lengths in the tetrabutylammonium cations. The H atoms were introduced at calculated 
positions as riding atoms, with C-H bond lengths of 0.97 A (CH 2 ) or 0.96 A (CH 3 ), and with U mo (H) values of 1.2 (CH 2 ) 
or 1.5 (CH 3 ) times f/ eq (C). 



Figures 




Fig. 1. A view of the anion in compound (I) with the atom-numbering scheme. Displacement 
ellipsoids are drawn at the 20% probability level. H atoms have been omitted. 



Tris(tetrabutylammonium) tris(nitrato-K 2 

Crystal data 

(Ci 6 H36N)3[Th(NCS)4(N0 3 )3] 

M,-= 1377.76 

Monoclinic, P2\ 

Hall symbol: P 2yb 

a = 12.1057 (7) A 

b= 17.5943 (8) A 

c = 16.7084 (8) A 

(3 = 95.946 (3)° 

V= 3539.6 (3) A 3 

Z = 2 



l ,O l )tetrakis(thiocyanato-KiV)thorium(IV) 



F(000) = 1432 

D x = 1.293 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 170199 reflections 

6 = 3.2-25.7° 

|i = 2.28 mm 1 
T= 150 K 
Irregular, colourless 
0.12x0.12x0.07 mm 



Data collection 

Nonius KappaCCD area-detector , ~~ nn ■ , , . 

,.„ " 13392 independent reflections 
diflractometer 

Radiation source: fine- focus sealed tube 1 1074 reflections with I > 2a(I) 

graphite i?i„t = 0.046 
two cp and eleven co scans with 2° steps (649 frames) 6 ma x = 25.7°, 9 m j n = 4.1° 

Absorption correction: multi-scan h = -14— >14 
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(SCALEPACK; Otwinowski & Minor, 1997) 

J min = 0.703, T max = 0.853 * = -21-»21 

1 70 1 99 measured reflections / = -20— >20 



Refinement 
Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20(^)1 = 0.037 

wRiF 2 ) = 0.089 
S= 1.04 

13392 reflections 
698 parameters 
6 restraints 

Primary atom site location: heavy-atom method 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[a 2 (F 2 ) + (0.0348.P) 2 + 4.0973P] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.002 
Ap ma x = 0.98eA- 3 
Ap m i„ = -0.76 e A~ 3 

Absolute structure: Flack (1983), 6435 Friedel pairs 
Flack parameter: -0.008 (5) 



Special details 

Experimental, crystal-to-detector distance 30 mm 

Geometry. All e.s.d.'s are estimated using the full covariance matrix. The cell e.s.d.'s are taken into account individually in the es- 
timation of e.s.d.'s in distances, angles and torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are 
defined by crystal symmetry. 

2 2 

Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > a(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 


TI- *ITJ 
u iso ' u eq 


Th 


0.494552 (16) 


0.250260 (18) 


0.231036 (12) 


0.05183 (7) 


SI 


0.8148 (2) 


0.09946 (16) 


0.3932 (2) 


0.1219 (11) 


S2 


0.4103 (2) 


-0.03910 (11) 


0.26535 (13) 


0.0803 (6) 


S3 


0.17368 (14) 


0.22589 (11) 


-0.00503 (10) 


0.0718(6) 


S4 


0.34264 (19) 


0.52512 (11) 


0.21889 (12) 


0.0778 (6) 


Ol 


0.5736 (4) 


0.3482 (3) 


0.3402 (3) 


0.0666 (12) 


02 


0.6625 (4) 


0.3393 (2) 


0.2343 (3) 


0.0597 (11) 


03 


0.7191 (5) 


0.4203 (3) 


0.3291 (4) 


0.0858 (16) 


04 


0.3034 (3) 


0.2585 (5) 


0.2829 (3) 


0.0724 (14) 


05 


0.4354 (3) 


0.2291 (3) 


0.3727 (2) 


0.0661 (16) 


06 


0.2663 (4) 


0.2292 (3) 


0.4035 (3) 


0.0840 (19) 


07 


0.5662 (5) 


0.2889 (3) 


0.0944 (3) 


0.0688 (15) 


08 


0.6172 (4) 


0.1797 (3) 


0.1428 (3) 


0.0688 (13) 


09 


0.6818(5) 


0.2177 (3) 


0.0337 (3) 


0.0942(18) 


Nl 


0.6508 (5) 


0.1905 (4) 


0.3162 (4) 


0.0662 (15) 
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